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(54) Power distribution apparatus for a four-wheel drive vehicle 



(57) A hydraulic multi-plate clutch (8) is disposed 
between a second gear (33) for changing the transmis- 
sion direction of drive force to a parallel position, and an 
engine (1 ). An oil pressure driving portion for actuating 
the hydraulic multi-plate clutch (8) comprises integrally 
an oil pressure control mechanism portion (50) mainly 



constituted by an oil pressure control valve (51 b) and oil 
paths, an oil pump (52) and an electric pump motor (53) 
which are adapted to generate a hydraulic oil pressure 
and an accumulator (54) for smoothening the hydraulic 
oil pressure to prevent pulsations, and is disposed at a 
substantially horizontal side position of the hydraulic 
multi-plate clutch (8). 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a power dis- 5 
tribution apparatus for a four-wheel drive vehicle. The 
power distribution apparatus efficiently distributes drive 
force from a transmission, which is connected to a trans- 
versely laid out engine, to front and rear wheels via a 
hydraulic multi-plate clutch that is disposed together 10 
with required constituent components thereof efficiently. 
[0002] In a conventional power distribution apparatus 
for a four-wheel drive vehicle, a distribution of a prede- 
termined power to front and rear wheels is usually ac- 
complished by controlling a clamping force of a hydrau- 15 
lie multi-plate clutch as a transfer clutch. For controlling 
-the^larnping-foree-of-the-hydrauiie-multi-plate-elutchHt — 
is required to have at least an oil pressure control portion 
having a control valve for varying the clamping force of 
the hydraulic multi-plate clutch, and an oil pressure 20 
source for generating an oil pressure for the hydraulic 
multi-plate clutch. 

[0003] As the most popular case of an arrangement 
of an engine, the engine is arranged on a front side of 
a vehicle body in order to secure a passenger space as 25 
wide as possible in the vehicle body. In addition, as the 
arrangement of the engine, a transversal arrangement 
is adopted in such a manner that an output shaft of the 
engine is disposed in parallel with a wheel shaft. This 
construction also applies to a four-wheel drive vehicle. 30 
[0004] As a four-wheel drive vehicle having a trans- 
versely laid out front engine which is described above, 
for example, Japanese Unexamined Patent Publication 
No, Hei. 6=921 56 discioses a constructionin-which a hy^ 
draulic multi-plate clutch distributes to the rear wheel 35 
side, a predetermined drive force inputted into a differ- 
ential from a transmission. The hydraulic multi-plate 
clutch is mounted on a front drive shaft beside a differ- 
ential for the front wheels. 

[0005] In addition, Japanese Patent Unexamined 40 
Publication No. Hei 6-107019 discloses a four-wheel 
drive vehicle having a hydraulic multi-plate clutch. The 
hydraulic multi-plate clutch that distributes a drive force 
to the rear wheel side is provided between a rear end of 
a gear shaft extending rearwards from one of a pair of 45 
direction changing gears for changing a drive force 
transmission direction to the rear wheel side and a distal 
end of a propeller shaft. 

[0006] However, in a case where the hydraulic multi- 
plate clutch is disposed on the axis of the front drive so 
shaft as described in the former example of the conven- 
tional power distribution apparatus, a large modification 
needs to be made to a two-wheel drive portion including 
the front differential. This makes it difficult to use a 
transaxle for a two-wheel drive vehicle commonly for a 55 
four-wheel drive vehicle. 

[0007] In addition, in a case where the hydraulic multi- 
plate clutch is provided between the rear end of the gear 



shaft extending rearward and the distal end of the pro- 
peller shaft as done in the latter example of the conven- 
tional power distribution apparatus, the diameter of the 
clutch portion of the transfer unit is increased longitudi- 
nally and this leads to the enlargement of the transfer 
unit. In addition, this enlarged portion of the clutch por- 
tion typically runs across the vehicle body chassis struc- 
ture such as a steering gearbox and a cross member 
thereabove or therebelow. Therefore in order to main- 
tain a good positional relationship between those mem- 
bers and the transfer unit, the steering gearbox needs 
to be re-located and the cross member needs to be 
curved, thus making the vehicle structure complex. In 
addition, allowing the enlarged hydraulic clutch portion 
to run across the steering gearbox and the cross mem- 
ber thereabove or therebelow unfavorably reduces the 

r-v«-» tui-H-iiKi 4-j-» /"i ^ f. r\ >-> r-i n ir ni^Lfy^trknr+mnrt^ nnfl I r~i\AI Qrc 

opdUtJ Wllrnrt Irtt^pcraot?! tycl OtJiTrpartI rrol 1 1 ctllU tvJVVtJf o 

the minimum road clearance of the vehicle. Further- 
more, since the oil pressure control mechanism portion 
and the oil pressure source is provided in the hydraulic 
multi-plate clutch as described before, these members 
need to be disposed efficiently within a limited space. 
Because of these conventional arrangements, consid- 
eration is required in maintaining the oil-tightness of the 
difference in nature between the operating fluid for op- 
erating the hydraulic multi-plate clutch and the gearfluid 
within the transfer unit. In addition, consideration is also 
required to be given to the productivity of transmissions 
and transfer units, as well as the easy access to the 
transmission and the transfer unit for servicing them for 
maintenance after they are disposed on the vehicle. 

SUMMARY OF THE PRESENT INVENTION 



[0008] The present invention was made in view of the 
above problems and objects thereof are to provide a 
power distribution apparatus for a four-wheel drive ve- 
hicle which is compact in size, which is subject to no 
limitations as to the apparatus' position relative to the 
vehicle body structure such as the steering gearbox and 
the cross member, which can secure with ease the oil- 
tightness for hydraulic fluid for operating the hydraulic 
multi-plate clutch, which is superior in providing good 
productivity of transmissions and transfer units and 
serviceability thereof for maintenance after they are in- 
stalled, and which is easy to be installed on the vehicle. 
[0009] With a view to attain the above objects, accord- 
ing to a first aspect of the present invention , there is pro- 
vided a power distribution apparatus for a four-wheel 
drive vehicle comprising: a transversely laid out front en- 
gine outputting a drive force via a transmission coupled 
thereto; a transfer unit including: a pair of direction 
changing gears for changing a transmission direction of 
the drive force to a rear direction of the vehicle; a first 
gear provided on a gear shaft extending rearward from 
one of the pair of direction changing gears; a second 
gear adapted to mesh with the first gear so as to change 
the drive force transmission direction in parallel with the 
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rear direction; an output shaft adapted to rotatably pass 
through an axial center of a gear shaft of the second 
gear so as to output the drive force to the rear direction 
of the vehicle; a hydraulic multi-plate clutch for variably 
transmitting torque between the gear shaft of the second 5 
gear and the output shaft; and an oil pressure control 
mechanism integrally incorporating at least an oil pres- 
sure source for generating a hydraulic oil pressure for 
the hydraulic multi-plate clutch and an oil pressure con- 
trol portion for controlling the clamping force of the hy- 10 
draulic multi-plate clutch; wherein the hydraulic multi- 
plate clutch is disposed on the axial center of the second 
gear at a position closer to the engine than the second 
gear, the oil pressure control mechanism portion is dis- 
posed close to a side of the hydraulic multi-plate clutch, 15 
and the drive force is distributed to rear wheels via the 
hydraulic mu Iti-ptatedutctrof t he tra n sf e r un itxHs posed 
to the rear of the engine 

[0010] According to a second aspect of the present 
invention, there is provided a power distribution appa- 20 
ratus for a four-wheel drive vehicle as set forth in the 
first aspect of the present invention, wherein the hydrau- 
lic multi-plate clutch and the oil pressure control mech- 
anism portion are accommodated and disposed inde- 
pendently and oil-tightly relative to a gear mechanism 25 
portion. 

[0011] According to a third aspect of the present in- 
vention, there is provided a power distribution apparatus 
for a four-wheel drive vehicle as set forth in the first or 
second aspect of the present invention, wherein an ac- 30 
commodation chamber for accommodating therein the 
hydraulic multi-plate clutch has an opening in one side 
thereof, and where a member for closing the opening is 
the oil pressure control mechanism portion. 
[001 2] Namely, in the power distribution apparatus for 35 
a four-wheel drive vehicle according to the first aspect 
of the present invention, the transmission direction of 
the drive force from the transmission coupled to the 
transversely laid out front engine is changed to the rear 
byway of the pair of direction changing gears . The drive *o 
force is transmitted from the first gear, which is provided 
on the gear shaft extending to the rear from one of the 
pair of direction changing gears, to the second gear, so 
that the transmission direction of the drive force is 
changed in a parallel. Then, when the control valve in 45 
the oil pressure control portion is actuated so that the 
predetermined oil pressure is applied to the hydraulic 
multi-plate clutch by the hydraulic fluid, the hydraulic 
multi-plate clutch is clamped. The drive force corre- 
sponding to the clamping force of the clutch is then 50 
transmitted from the gear shaft of the second gear to the 
output shaft. Therefore, the transmitted drive force is 
outputted to the rear wheel side. Here, since the hydrau- 
lic multi-plate clutch is disposed between the second 
gear and the engine, the transfer unit can be constructed 55 
and laid out in a compact manner in both transverse and 
longitudinal directions. In addition, the hydraulic multi- 
plate clutch is subject to little positional limitation relative 



to the vehicle body structure such as the steering gear- 
box and the cross member, thus providing superior 
mounting properties. Furthermore, because the hydrau- 
lic multi-plate clutch is disposed between the second 
gear and the engine, the oil pressure control portion and 
the oil pressure source may be integrally coupled to- 
gether disposed at the substantially horizontal side po- 
sition on the hydraulic multi-plate clutch as the oil pres- 
sure control mechanism portion. This allows the oil pres- 
sure control mechanism portion to be disposed closer 
to the relatively spacious rear of the engine, thereby 
solving the problem that the oil pressure control mech- 
anism portion occupies the space on the transmission 
side. In addition, since the oil pressure control mecha- 
nism portion is constructed by integrally coupling the oil 
pressure control portion and the oil pressure source, as 
with^he-powerdistribtition-apparatus-for-afour-whee 
drive vehicle according to the second aspect of the 
present invention, the hydraulic multi-plate clutch and 
the oil pressure control mechanism portion are accom- 
modated and disposed independently and in an oil-tight 
manner relative to the gear mechanism portion, where- 
by the oil-tightness can easily be secured relative to the 
other transmission oil and the like. Furthermore, since 
the oil pressure control mechanism portion is construct- 
ed by integrally coupling the oil pressure control portion 
and the oil pressure source, there is no need to form oil 
paths or the like on the transmission side. Therefore, the 
transmission can be commonly used for both two-wheel 
drive vehicles and four-wheel drive vehicles. Moreover, 
the productivity of transfer units and the serviceability 
thereof for maintenance after installation can be im- 
proved. 

[0013] According to the third aspect of the present in- 
vention, there is provided the power distribution appa- 
ratus for a four-wheel drive vehicle as set forth in the 
first or second aspect of the present invention, wherein 
the transfer unit further includes an accommodation 
chamber for accommodating the hydraulic multi-plate 
clutch therein, the accommodation chamber has an 
opening in one side thereof, and where the opening is 
closed by the oil pressure control mechanism portion. 
Thus, the power distribution apparatus can be made 
more space efficient and the serviceability for mainte- 
nance can also be improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] 

Fig. 1 is a sectional view of a main part of a transfer 
unit; 

Fig. 2 is a schematic explanatory view of a position- 
al relationship of an oil pressure control circuit and 
the like as viewed from the direction of a front wheel 
shaft; and 

Fig. 3 is a block diagram explaining the function of 
power distribution control and the construction of an 
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oil pressure control mechanism portion. 

DETAILED DESCRIPTION OF THE INVENTION 

[0015] Embodiments of the present invention will be 5 
described hereinafter with reference to appended draw- 
ings. Figs. 1 to 3 show an embodiment according to the 
present invention. Fig. 1 is a sectional view of a main 
part of a transfer unit, Fig. 2 is a schematic explanatory 
view of a positional relationship of an oil pressure control 10 
circuit and the like as viewed from the direction of a front 
wheel shaft, and Fig. 3 is a block diagram explaining the 
function of power distribution control and the construc- 
tion of an oil pressure control mechanism portion. 
[0016] In Fig. 1 , reference numeral 1 denotes a trans- 15 
versely laid out engine in a front engine compartment of 
avehicferandcTtransmtssion^couplecH/vith'theengine 
1 is disposed on an output shaft of the engine 1 in the 
ieft-hand side of the hood. 

[0017] In addition, a transfer unit 3 is integrally provid- 20 
ed with the engine 1 and the transmission 2 and dis- 
posed at the rear part of the engine 1 and the transmis- 
sion 2, whereby a drive force outputted from the engine 

1 is subject to a predetermined speed change at the 
transmission and is then distributed to a rear wheel side 25 
by the transfer unit 3. Here, as shown in the figure, the 
transfer unit 3 is disposed to the rear of the transmission 

2 in such a manner as to be offset toward the engine 1 
side. 

[0018] The transfer unit 3 is constituted by a gear 30 
mechanism portion 7 for transmitting power, which is 
transmitted to a differential case 6 of a front differential 
5 for transmitting drive force from the transmission 2 to 
a front wheel side and to the rear wheel side. The trans- 
fer unit 3 is further constituted by a hydraulic multi-plate 35 
clutch 8 acting as a transfer clutch for continuously var- 
iably controlling the distribution of the drive force to the 
rear wheel side in accordance with running conditions 
and driving conditions. The front differential 5 is integral- 
ly accommodated in a differential accommodating com- 40 
partment 1 0. The gear mechanism 7 is integrally accom- 
modated in a gear accommodating compartment 11 
formed in a transfer case 9. The hydraulic multi-plate 
clutch 8 is integrally accommodated in a clutch accom- 
modating compartment 1 2 formed in the transfer case 9. 45 
[0019] The front differential 5 comprises a final gear 
17 around the outer circumference of the differential 
case 6. This final gear 1 7 is adapted to mesh with a drive 
gear 16 fixedly provided on an output shaft 15 of the 
transmission 2. 50 
[0020] The front differential 5 is a known bevel gear 
type differential and is constituted by a pair of differential 
pinions 21, 21 and left and right side gears 22L, 22R. 
The pair of differential pinions 21, 21 are rotatably sup- 
ported on a pinion shaft 20 fixedly provided within the 55 
differential case 6. The left and right side gears 22L, 22R 
are adapted to mesh with the differential pinions 21, 21 . 
In addition, left and right front wheel drive shafts 25L, 



25R are fitted in the left and right side gears 22L, 22R 
via tube portions 26L, 26R extending transversely from 
the differential case 6. Thus, the drive force transmitted 
to the side gears 22L, 22R from the differential case 6 
via the differential pinions 21, 21 is then transmitted to 
left and right front wheels via the drive shafts 25L, 25R 
of the left and right front wheels. 
[0021] In addition, the right side tube portion 26R of 
the differential case 6 is extended to the interior of the 
gear accommodating compartment 11. The drive force 
is transmitted to the gear mechanism portion 7 via the 
extended right side tube portion 26R. 
[0022] An oil seal 27 retained on the transfer case 9 
is slidably connected to the outer circumference of the 
right side tube portion 26R at an intermediate position 
along the length thereof. Therefore, the oil-tightness 
withinthe^ifferentiahaccornmodating-compartment-1G 
and the gear accommodating compartment 11 is main- 
tained. Note that in the case where lubricating oil for lu- 
bricating the front differential 5 and lubricating oil for lu- 
bricating the gear mechanism portion 7 are the same, 
the oil seal 27 may be omitted. 

[0023] The gear mechanism portion 7 comprises a 
pair of direction changing gears (first and second direc- 
tion changing gears) 30, 31 comprising in turn hypoid 
gears and a pair of gears (first and second gears) 32, 
33 comprising in turn helical gears. 
[0024] The first direction changing gear 30 is fixedly 
provided on a hollow transfer shaft 34 that is spline-fitted 
on the outer circumference of a distal end of the tube 
portion 26R. The second direction changing gear 31 
meshes with the first direction changing gear 30 to 
thereby change the transmission direction of the drive 

force to the rear. 

[0025] A gear shaft (a pinion shaft) 31 a of the second 
direction changing gear 31 extends rearwardly. The first 
gear 32 is spline fitted on a rear end of this pinion shaft 
31a. The second gear 33 meshes with the first gear 32 
at a right side position of the first gear 32. A gear shaft 
33a of the second gear 33 is formed hollow, and an out- 
put shaft 35 for outputting the drive force to the rear is 
allowed to rotatably pass through the hollow gear shaft 
33a. 

[0026] In addition, the output shaft 35 is clamped to 
be freely disengaged with transfer clutch torque. The 
transfer clutch torque is set by a drive force distribution 
control portion 70, which will be described later, and im- 
parted by an oil pressure control mechanism portion 50 
via the gear shaft 33a of the second gear 33 and the 
hydraulic multi-plate clutch 8. Namely, the hydraulic 
multi-plate clutch 8 may be a torque transmission ca- 
pacity variable transfer clutch. When the hydraulic multi- 
plate clutch 8 is clamped with a predetermined transfer 
clutch torque, the drive force transmitted to the second 
gear 33 is distributed to the output shaft 35 according to 
the transfer clutch torque. Then, the drive force distrib- 
uted to the output shaft 35 is transmitted to a rear differ- 
ential via a propeller shaft (both not shown) spline fitted 
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on the rear end of the output shaft 35. 
[0027] Here, the clutch accommodating compartment 
12 for accommodating the hydraulic multi-plate clutch 8 
is partitioned and formed on the axial center of the out- 
put shaft 35 on the engine 1 side ahead of the second 5 
gear 33. The distal ends of the gear shaft 33a and the 
output shaft 35 extend into this clutch accommodating 
compartment 12. 

[0028] A pair of oil seals 36, 36 are held in the transfer 
case 9 and a housing supporting the gears 32, 33. The 10 
pair of oil seals 36, 36 are brought into slidable contact 
with the gear shaft 33a at an intermediate position along 
the length thereof. These oil seals 36, 36 are provided 
in parallel with each other in such a manner that their 
sealing directions are opposite to each other, whereby 15 
the oil-tightness between the gear accommodating 
compartm^nt""1"1~and ~the~clutch accommodating com- 
partment 12 is ensured. 

[0029] In the clutch accommodating compartment 1 2, 
a clutch hub 37 of the hydraulic multi-plate clutch 8 is 20 
fixedly provided on the gear shaft 33a. A clutch drum 38 
is fixedly provided on the output shaft 35. 
[0030] A plurality of drive plates 39 are fitted on the 
outer circumference of the clutch hub 37. A plurality of 
driven plates 40 are fitted in the clutch drum 38. Both of 25 
the plurality of drive plates 39 and the plurality of driven 
plates 40 are disposed alternately between the clutch 
hub 37 and the clutch drum 38. In addition, a clutch pis- 
ton 41 is disposed on one end of the drive plates 39 and 
the driven plates 40 (on the engine 1 side) whereas a 30 
retaining plate (not shown) is disposed on the other end 
thereof (on the second gear 33 side). 
[0031] Then, the clutch piston 41 slidably contacts the 
clutch drum-38 and the output shaft i35-Afront side gap 
surrounded by the clutch piston 41 and the clutch drum 35 
38 is formed as an oil pressure compartment 42. In ad- 
dition, a retainer 43 is provided in such a manner as to 
confront the clutch piston 41, and is held on the output 
shaft 35. A return spring 44 is interposed between the 
retainer 43 and the clutch piston 41 , whereby the clutch 40 
piston 41 is biased forward by means of this return 
spring 44. 

[0032] An opening is formed in a right side portion of 
the clutch accommodating compartment 12, i.e., a sub- 
stantially horizontal side position of the hydraulic multi- 45 
plate clutch 8. The oil pressure control mechanism por- 
tion 50 is coupled to close this opening portion. The oil 
pressure control mechanism portion 50 is adapted to 
supply the oil pressure of hydraulic fluid to the hydraulic 
multi-plate clutch 8. 50 
[0033] The oil pressure control mechanism portion 50 
comprises an oil pressure control portion 51 constituted 
mainly by an oil pressure control valve and oil paths, an 
oil pump 52 and an electric pump motor 53 which act as 
an oil pressure source for generating hydraulic oil pres- 55 
sure to be applied to the hydraulic multi-plate 8 and an 
accumulator 54 for smoothing the hydraulic oil pressure 
for the hydraulic multi-plate clutch 8 to prevent pulsa- 



tions. 

[0034] The oil pressure control portion 51 comprises 
a pressure regulator valve 51a for regulating the oil pres- 
sure supplied by the oil pump 52 to an optimum pressure 
(line pressure) according to the driving conditions. The 
oil pressure control portion 51 comprises a control valve 
(a linear solenoid valve) 51 b interposed along an oil path 
for providing a communication between the pressure 
regulator valve 51a and the oil pressure compartment 
42 in the hydraulic multi-plate clutch 8 for variably con- 
trolling the oil pressure to the oil pressure compartment 
42, i.e., the hydraulic oil pressure for the hydraulic multi- 
plate clutch 8 based on an output signal from the drive 
force distribution control portion 70 (see Fig. 3). 
[0035] In addition, a spherical diaphragm type accu- 
mulator 54 which is integrally fixed to a right side of the 
"oil pressure controI"poftton"51 is connectecTto a position 
along an oil path for connecting the pressure regulator 
valve 51a to the linear solenoid valve 51b. 
[0036] Furthermore, the oil pump 52 is constituted as, 
for example, an internal gear pump. A motor shaft (not 
shown) of the electric pump motor 53 integrally fixed to 
the oil pressure control portion 51 from the right side 
thereof protrudes into a pump casing 52a carved in the 
oil pressure control portion 51 and a pump gear 52b is 
rotatably attached to the motor shaft. 
[0037] Note that the positional relationship between 
the accumulator 54 fixed to the oil pressure control por- 
tion 51 and the electric pump motor 53 is, as shown by 
alternate long and short dash lines in Fig. 2, such that 
the accumulator 54 is located at a diagonally upward 
and rearward position relative to the electric pump motor 
53. 

[0038] Thus, the productivity and serviceability for - 
maintenance of the apparatus can be improved by pro- 
viding the oil pump 52 in the oil pressure control portion 
51 and attaching the electric pump motor 53 and the ac- 
cumulator to thereby integrally assemble them as the oil 
pressure control mechanism portion 50. In addition, the 
overall length of the oil path can be reduced to thereby 
facilitate the formation of the oil path and provide a sim- 
ple construction, whereby the design period can be re- 
duced and the production costs can be lowered. Fur- 
thermore, since the transmission 2 side and the oil pres- 
sure control mechanism portion 50 are constructed to 
be independent from each other completely, the oil- 
tightness can easily be secured between the transmis- 
sion 2 side and the oil pressure control mechanism 50 
side. In addition, since the transmission 2 and the oil 
pressure control mechanism portion 50 are constructed 
to be independent from each other completely, the ap- 
paratus can be applied to various types of transmissions 
(a manual transmission, an automatic transmission, a 
continuously variable transmission, or the like) and 
hence provides wide versatility. 

[0039] Next, a specific example of the control of the 
hydraulic multi-plate clutch 8 according to the present 
invention will be described with reference to Fig. 3. Out- 
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put signals (transfer clutch torque signals) to the oil pres- 
sure control mechanism portion 50 for supplying the hy- 
draulic oil pressure to the hydraulic multi-plate clutch 8 
are designed to be set at the drive force distribution con- 
trol portion 70. Sensors and the like are provided on the 
vehicle for detecting parameters required to set the 
transfer clutch torque. The sensors and the like are con- 
nected to the drive force distribution control portion 70. 
[0040] To be specific, the wheel speeds <x>fl, wfr, corl, 
(orr of the four wheels are detected by wheel speed sen- 
sors 61fl, 61 fr, 61 rl, 61 rr. The steering angle 0 H is de- 
tected by a steering angle sensor 62. The yaw rate y is 
detected by a yaw rate sensor 63. These values detect- 
ed are then inputted into the drive force distribution con- 
trol portion 70. Engine speed Ne and engine output 
torque Te is derived from an engine control unit 64 for 
performing various types of controIs"incIucl i ng~f ueti n jec^~ 
tion control. Turbine speed Nt and a gear ratio i is de- 
rived from a transmission control unit 65 for executing 
the change-speed control of an automatic transmission. 
Then, these values are inputted into the drive force dis- 
tribution control portion 70. A torque sensing torque Tt, 
a differential rotation sensing torque Ts and a yaw rate 
feedback torque Ty are set based on the parameters so 
inputted at setting units 72, 73, 74 in the drive force dis- 
tribution control portion 70. Then, these set torques are 
inputted in a transfer clutch torque setting unit 75, 
whereby a transfer clutch torque Ttr is set. 
[0041] Thus, according to the present invention, the 
transfer clutch torque Ttr is set by the torque sensing 
torque Tt, the differential rotation torque Ts and the yaw 
rate feedback torque Ty. The clamping force of the hy- 
draulic multi-clutch plate 8 is controlled optimally in ac- 
-cordance with the running conditions and driving condi- 
tions of the vehicle. 

[0042] In the drive force distribution apparatus for a 
four-wheel drive according to the present invention, in 
the drive force distribution control portion 70, firstly, a 
transmission output torque To is calculated at a trans- 
mission outputtorque calculating unit 71 . A torque sens- 
ing torque Tt is calculated by at the torque sensing 
torque setting unit 72. A differential rotation sensing 
torque Ts is calculated by at the differential rotation 
sensing torque setting unit 73. In addition, a yaw rate 
feedback torque Ty is calculated at the yaw rate feed- 
back torque setting unit 74. Then, a transfer clutch 
torque Ttr is calculated and set based on the torque 
sensing torque Tt, the differential rotation sensing 
torque Ts and the yaw rate feedback torque Ty by at a 
transfer torque clutch setting unit 75 . The transfer clutch 
torque calculated and set is then outputted to the oil 
pressure control mechanism portion 50. 
[0043] In the oil pressure control mechanism portion 
50, oil pressure generated by both of the electric pump 
motor 53 and the oil pump 52 is regulated to an optimum 
line pressure according to the driving conditions by the 
pressure regulator valve 51a and is then applied to the 
linear solenoid valve 51b. Then, when a transfer clutch 



torque Ttr signal is outputted from the drive force distri- 
bution control portion 70 to the linear solenoid valve 51b, 
the linear solenoid valve 51b is actuated to vary the oil 
pressure in the oil pressure compartment 42 in the hy- 

5 draulic multi-plate clutch 8 according to the transfer 
clutch torque Ttr. The clamping force of the hydraulic 
multi-plate clutch 8 is varied by the clutch piston 41. 
Here, the hydraulic oil pressure to the hydraulic multi- 
plate clutch 8 is smoothed by the accumulator 54 to 

10 thereby prevent pulsations. 

[0044] On the other hand, the drive force is changed 
to the predetermined speed, when it is transmitted from 
the engine 1 to the transmission 2 and is then transmit- 
ted from the output shaft 15 of the transmission 2 to the 

15 differential case 6 via the final gear 17. The drive force 
is then transmitted to the left and right front wheels via 
th^^imoTTsTia^~20rth^iffeTB^ 
side gears 22L, 22R and the drive shafts 25L, 25R. 
[0045] In addition, the drive force transmitted to the 

20 differential case 6 is then transmitted to the tube portion 
26R, and the drive force transmitted to this tube portion 
26R is then transmitted to the transfer shaft 34. The 
drive force transmitted to the transfer shaft 34 is turned 
in a 90 degree angle to the rear via the first and second 

25 direction changing gears 30, 31 , and is thereafter trans- 
mitted to the pinion shaft 31a. Furthermore, the drive 
force transmitted to the pinion shaft 31a is turned to the 
right in a parallel via the first and second gears 32, 33, 
and is thereafter transmitted to the gearshaft33a. Then, 

30 the drive force transmitted to the gear shaft 33a is vari- 
ably (for example, the front and rear distribution ratio is 
varied between 100:0 and 50:50) distributed to the out- 
put shaft 35 according to the clamping force of the hy- 
- draulic multi-clutch 8 set as described above, and is then 

35 transmitted to the rear wheel side via the propeller shaft, 
not shown. 

[0046] Thus, according to the present invention, the 
axia) center of the pinion shaft 31a for transmitting the 
drive force, which is turned by the first and second di- 

40 rection changing gears 30, 31 to the rear wheel side, is 
changed to the parallel position via the first and second 
gears 32, 33. The hydraulic multi-plate clutch 8 is dis- 
posed on the changed axial center of the second gear 
33 in the gap closer to the engine 1 side than the second 

45 gear 33, whereby the enlargement of the transfer unit 3 
can be prevented. 

[0047] Namely, the hydraulic multi-plate clutch 8 can 
be disposed in the gap between the engine 1 and the 
gear mechanism portion 7 by displacing the axial center 

50 of the pinion shaft 31a in parallel via the first and second 
gears 32, 33. Accordingly there is no need to dispose 
the hydraulic multi-plate clutch 8 on the axial center of 
the front wheel drive shafts 25L, 25R or the axial center 
of the pinion shaft 31a. Consequently, the transfer unit 

55 3 can be constructed compact and moreover the vertical 
height position of the output shaft 35 can be set to an 
optional height, thereby providing good vehicle mount- 
ing properties. 
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[0048] In particular, since there is no need to dispose 
the hydraulic multi-plate clutch 8 on the axial center of 
the pinion shaft 31a, the hydraulic multi-plate clutch 8 is 
prevented from running across the steering gearbox and 
the cross member which are disposed transversely at 5 
the front of the vehicle body thereabove or therebelow. 
Therefore good vehicle mounting properties can be pro- 
vided. In other words, good relative positional relation- 
ship can be secured between the steering gearbox and 
the cross member and the hydraulic multi-plate clutch 8 10 
without re-locating the steering gearbox and curving the 
cross member. Therefore, the crash safety can be easily 
ensured with the simpie vehicle construction. In addi- 
tion, since there is no need to run the hydraulic multi- 
plate clutch 8 across the steering gearbox and the cross 15 
member, the space within the passenger compartment 
and the minimum road clearance can be secured main- 
tained. 

[0049] Additionally, the productivity and serviceability 
for maintenance of the apparatus can be improved by 20 
providing the oil pump 52 in the oil pressure control por- 
tion 51 and attaching the electric pump motor 53 and 
the accumulator to thereby integrally assemble them as 
the oil pressure control mechanism portion 50. In addi- 
tion, the overall length of the oil path can also be reduced 25 
to thereby facilitate the formation of the oil path and pro- 
vide a simpie construction, whereby the design period 
can be reduced and the production costs can be low- 
ered. Furthermore, since the transmission 2 side and 
the oil pressure control mechanism portion 50 are con- 30 
structed to be independent from each other completely, 
oil-tightness can easily be secured between oil on the 
transmission 2 side and oil on the oil pressure control 
TriecrTaii iism"50 ¥lcieTI h^d^ffohVsTn 

2 side and the oil pressure control mechanism portion 35 
50 are independent from each other completely, the ap- 
paratus can be applied to various types of transmissions 
(a manual transmission, an automatic transmission, a 
continuously variable transmission or the like) and 
hence, provides wide versatility. 40 
[0050] While in the embodiment of the present inven- 
tion, the example has been described in which the axial 
center of the output shaft 35 is displaced to the right via 
the pair of gears 32, 33, the present invention is not lim- 
ited thereto and the axial center of the output shaft 35 45 
may be changed or displaced to any position around the 
circumference of the pinion shaft 31a. Namely, the axial 
center of the output shaft 35 maybe displaced upwardly 
or downwardly according to variations of the vehicle 
body structure, as well as positions of the steering gear- 50 
box and the like. 

[0051] As has been described heretofore, according 
to the present invention, superior advantages are pro- 
vided that the apparatus can be made compact and 
hence is subject to little positional limitation relative to 55 
the vehicle body structure such as the steering gearbox 
and the cross member, that the oil-tightness of hydraulic 
oil for operating the hydraulic multi-plate clutch can eas- 



ily be secured, that the superior productivity of the trans- 
mission and transfer unit and serviceability thereof for 
maintenance after they are installed can be provided 
and that the good mounting properties can be provided. 



Claims 

1. A power distribution apparatus for a four-wheel 
drive vehicle having a transversely laid out front en- 
gine (1) outputting a drive force via a transmission 
(2) coupled thereto, comprising: 

a transfer unit (3) disposed at the rear of the 
engine (1) and including: 
a pair of direction changing gears (30, 31) for 
changing a transmission direction of the driver 
force to the rear direction of the vehicle; 
a first gear (32) provided on a gear shaft (31a) 
extending rearwards from one of the pair of di- 
rection changing gears (30, 31); 
a second gear (33) meshing with the first gear 

(32) so as to change the drive force transmis- 
sion direction into a direction in parallel with the 
rear direction; 

an output shaft (35) adapted to rotatably pass 
through an axial center of the gear shaft (33a) 
of the second gear (33) so as to output the drive 
force to the rear direction of the vehicle; 
a hydraulic multi-plate clutch (8) for variably 
transmitting torque between the gear shaft 
(33a) of the second gear (33) and the output 
shaft (35); and 

afTdif "pressu re control Tfiecha nisnr (50) inte^ 
grally incorporating at least an oil pressure 
source (52) for generating a hydraulic oil pres- 
sure for the hydraulic multi-plate clutch (8) and 
an oil pressure control portion (51) for control- 
ling the clamping force of the hydraulic multi- 
plate clutch (8); 

wherein the hydraulic multi-plate clutch (8) is 
disposed on an axial center of the second gear 

(33) at a position closer to the engine (1 ) than 
the second gear (33), the oil pressure control 
mechanism portion (50) is disposed close to a 
side of the hydraulic multi-plate clutch (8), and 
the drive force is distributed to rear wheels of 
the vehicle via the hydraulic multi-plate clutch 
(8) of the transfer unit (3). 

2. The apparatus according to claim 1, 

wherein the hydraulic multi-plate clutch (8) and the 
oil pressure control mechanism portion (50) are ac- 
comodated and disposed independently and in an 
oil-tight manner relative to a gear mechanism por- 
tion (7). 

3. The apparatus according to claim 1 or 2, 
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wherein the transfer unit (3) further includes an ac- 
comodation chamber (12) for accomodating the hy- 
draulic multi-plate clutch (8) therein, wherein the ac- 
comodation chamber (12) includes an opening in 
one side thereof which is operable to be closed by 
the oil pressure control mechanism portion (50). 
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